Calcium-regulated signaling pathways: role in amyloid beta-induced synaptic dysfunction.
Amyloid beta (Abeta) peptides have been shown to impair synaptic function, especially long-term synaptic plasticity, in transgenic mouse models of Alzheimer's disease (AD) and in acute hippocampal preparations. In the transgenic mice overexpressing mutant forms of human amyloid precursor protein (APP), the deficits in hippocampal long-term potentiation (LTP) occur prior to synaptic loss and cell death, suggesting early functional changes at these synapses. Recent studies demonstrate that Abeta-induced synaptic dysfunction is linked with altered Ca2+ signaling in hippocampal neurons. While reducing Ca2+ influx through NMDA receptors, Abeta peptides elevate intracellular Ca2+ concentration by enhancing Ca2+ influx from voltage-gated Ca2+ channels or nonselective cation channels, or by stimulating Ca2+ release from intracellular stores. Interestingly, acute application of Abeta or APP overexpression inhibits activity-dependent regulation of several protein kinase pathways that require Ca2+ influx via NMDA receptors for activation, including Ca2+/calmodulin-dependent protein kinase II, protein kinase A, and extracellular regulated kinases (Erk). On the other hand, activation of Ca2+-dependent protein phosphatase 2B (calcineurin) is implicated in Abeta inhibition of LTP. Thus, multiple Ca2+-regulated signaling pathways are involved in the synaptic action of Abeta, and malfunction of these pathways may underlie the synaptic dysfunction in early AD.